Recently, research efforts have been directed toward medicinal plants and their extracts, as important sources of natural antioxidant. Lots of biologically active compounds are responsible for the antioxidant effects of yarrow -Achillea millefilium L. extracts. The aim of our study was to determine which of the process parameters of pressure enhanced solvent extraction of Millefolii herba is significant for its efficiency and weather there are interactions between the examined parameters. Compression time, decompression time and the number of cycles were identified as independent variables, while the content of total flavonoids, tannins and total polyphenols were selected as dependent variables. For obtaining the extract of M. herba, rich in antioxidative ingredients, compression time should be set on its higher level (2.0 min), decompression time on its lower level (1.30 min) and the number of cycles on its higher level (99).
The genus Achillea L. (Yarrow) comprises over 100 perennial herb species indigenous to the Northern Hemisphere [4] . In Serbia, the Achillea millefolium L., the best-known and most widespread species of Yarrow, is listed among the most commonly used plant species in both folk and conventional medicine [5] . Yarrow is primarily a bitter tonic, but it can also be used to treat atonic forms of stomach disease [6] . Aerial part of A. millefolium contains terpenes, alkaloids and bases, tannins, coumarins, saponins, sterols, vitamins, amino and fatty acids [6, 7] . Phenolic compounds, such as flavonoids and phenolcarbonic acids, constitute one of the most important groups of pharmacologically active principles in yarrow. It is suggested that anti-inflammatory [6] , choleretic [8] and cytotoxic [9] activities of species of Achillea genus are mainly attributed to the flavonoid and phenolcarbonic acid complex. It has been shown that the anti-diabetic [10] and gastroprotective [11] properties of different extracts from Achillea sp. may be linked to their antioxidant potential. Therefore, it is of high importance to investigate their antioxidant effectiveness. Recent reports indicate that the Achillea genus displays a relevant antioxidant activity that is associated or correlated well with its flavonoid and total phenolic contents [12, 13] . However, the observed similarities or close correlation between the profiles of the antioxidant capacity and of the total phenolic and flavonoid contents must be interpreted with care, since the latter parameter is usually measured using traditional spectrophotometric assays, which are based on non-specific reaction of phenolic compounds with Folin-Ciocalteu reagent and complexation of flavonoids with Al(III) ion [14] .
The interest in the use of medicinal plants in food industry is continuously growing and accordingly the efforts in the improvement of the conventional solvent based extraction are made. The traditional techniques of solvent extraction of plant materials are mostly based on the correct choice of solvents and the use of heat and/or agitation to increase the solubility of the desired compounds and improve the mass transfer [15] . For each device and/or each method of extraction, it is necessary to experimentally determine optimal conditions for making the extracts which are the richest in relevant active substances. Other researchers have presented the definition of optimal conditions for extraction of bioactive compounds (crocin, geniposide, total phenolic compounds, phenolic acids and proteins) using different extraction methods, different extractors and different optimization methodologies [15] [16] [17] . In the present study, Timatic micro-extractor was used for the extraction [18] . The aim of our study was to determine which of the process parameters of pressure enhanced solvent extraction of aerial parts of A. millefolium (Millefolii herba), is significant for its efficiency and weather there are interactions between the examined parameters. (20-25 °C) , in a ventilated lodge, avoiding direct sunlight for two weeks. Dry material was packed into paper bags and stored in a dark room at ambient temperature. The airdried aerial parts of A. millefolium were milled at room temperature and sieved using a lab sieve with 355 μm mesh.
All chemicals were of analytical grade. Folin-Ciocalteu reagent was purchased from Merck (Germany), gallic acid from Sigma-Aldrich Chemie GmbH (Germany). Acetonitrile, labelled as HPLC grade, was supplied by Sigma-Aldrich (Buchs, Switzerland). Ethanol 96.3% (V/V) was provided by Crvenka, Serbia.
For the pressure enhanced solvent extraction we used Timatic micro-extractor (Tecnolab, Spello, PG, Italy) [18] . The rapid series extractors Timatic are technologically advanced and dedicated to the extraction of active ingredients from medicinal plants. This is an alternative method for extraction in comparison to traditional methods, such as maceration or percolation. The extraction was carried out under controlled conditions (defined by temperature, pressure and time of solvent circulation). Plant material was filled into the filter bag, which was sealed and placed into the extraction chamber. Appropriate solvent is circulating through the filter bag and can be controlled by the speed of circulation and the number of cycles during the extraction process. The working cycle is fully automatic and alternates between dynamic and static phases. During the extraction, plant material is compacted under pressure, which allows better extraction efficiency. With respect to our preliminary research (data not shown), fixed amounts of the drug and 70% (V/V) ethanol, as an extraction solvent were used. The drug: extract ratio was 1:3 and the operating pressure was set between 1 and 9.9 bar. A 2 3 factorial design consisting of eight experimental points was applied to evaluate the effect of three process parameters as independent variables, namely compression time (TP1), decompression time (TP0) and the number of cycles (CL) on the extraction efficiency in terms of obtaining the extract with the best properties. Prepared extracts were marked as YE 1 -YE 8 . Characterization of extracts included determination of physicochemical characteristics: dry residue (DR), refractive index (RI), relative density (RD), ethanol content (EC) and pH value as well as determining the content of total flavonoids (TF), tannins (TN) and polyphenols (PY) as active compounds, important for the extract quality definition.
The total content of phenols was determined by the Folin-Ciocalteu method. A total of 100 μl of a methanolic solution of dry extract (17.5, 13.1, and 8.8 μg ml -1 final quantity) was mixed with 0.75 ml of Folin-Ciocalteu reagent (previously diluted 10-fold with distilled water) and allowed to stand at 22 °C for 5 min; 0.75 ml of sodium bicarbonate (60 g l -1 ) solution was added to the mixture. After 90 min at 22 °C, the absorbance was measured using a Hewlett Packard 8453 UV-Vis spectrophotometer (Agilent Technologies, Santa Clara, CA) at λ max 725 nm. Results are expressed as gallic acid equivalents (GAE), and presented as mean value of three determinations.
The percentage content of tannins was calculated using the method described in the European Pharmacopoeia [19] . The content of tannins, expressed as pyrogallol percentage, is presented as the mean value of three determinations.
The percentage content of flavonoids expressed as hyperoside was calculated using the method described in the Deutsches Arzneibuch, DAB 10 [20] . Briefly, the sample was extracted with acetone/HCl under a reflux condenser; the AlCl 3 complex of the flavonoid fraction was extracted with ethyl acetate and measured by a UV-Vis spectrophotometer at λ max 425 nm. The content of flavonoid, expressed as the hyperoside percentage, is presented as the mean value of three determinations.
Statistical analysis
The statistical analysis of experimental results was performed by the software Design Expert 7.0 (StatEase, Inc., Minneapolis, MN, USA) [21] .
RESULTS AND DISCUSSION
Independent variables are presented in Table 1 . The conditions of making YE 1 -YE 8 extracts are presented in Table 2 . Dependent variables were dry residue (DR), refractive index (RI), relative density (RD), ethanol content (EC), pH value, content of total flavonoids (TF), tannins (TN) and polyphenols (PY). 6 2.00 1.30 99 YE 7 1.00 2.00 99 YE 8 2.00 2.00 99
Various extraction conditions, resulted in some differences in the physicochemical characteristic of the manufactured extracts and different contents of total phenols, flavonoids and tannins ( Statistical analysis of the experimental data indicated that all three examined process parameters generally have the greatest impact on DR, while individually, TP1 influences mostly TF and RI, TP0, TF and RD, and CL, DR, pH, TN and PY. When considering active principle content, it may be noted that TP1 and TP0 have the biggest influence on TF (except that TP1 has a positive, and TP0 negative effect on TF), while CL on TN (positive effect) and PY (negative effect). Comparing active principle contents among themselves, the greatest impact of all three process parameters is on PY. Nevertheless, interactions observed between TP1 and TP0 indicate that with TP0 set on its lower value (1.30 min) the increase of TP1 increases TN and PY. Taking all of this in consideration, it can be concluded that for obtaining the extract of A. millefolium rich in active ingredients, TP1 should be set on its higher level (2.0 min), TP0 on its lower level (1.30 min) and CL on its higher level (99).
Since the selected responses were not affected in the same manner an additional optimization procedure was needed. In order to optimize eight responses with different targets, the multicriteria methodology was employed by means of Derringer′s desirability function [22] [23] [24] .
The Derringer's desirability function, D, is defined as the geometric mean, weighted, or otherwise, of the individual desirability functions (d i ). The expression that defines the Derringer's desirability function is:
where n is the number of responses, p i is the weight of the responses and d i is the individual desirability function of each response. The scale of the individual desirability function ranges between 0 for a completely undesired response, to 1 for a fully desired response. Weight of the response is the relative importance of each individual functions d i and may range from 0.1 to 10. Weights lower than 1 give less emphasis to the goal, whereas weights greater than 1 give more emphasis to the goal (in both cases, d i varies in a non--linear way while approaching to the desired value). In the present report, weights equal to 1 for all the eight responses was chosen.
The value of D close to 1 means that the combination of different criteria is globally optimal. If any of the responses or factors falls outside their desirability range, the overall function becomes zero.
The criteria for the optimization of each individual response are shown in Table 4 . Desirability function calculations were performed using Design-Expert ® 7.0. Obtained results are graphically presented (Figure 1 ). For better visualization of the results, the global desirability function, D, was presented in a form of a threedimensional plot and presented in Figure 2 . The coordinates related to the functions maximum are selected as the best operating conditions. The coordinates producing the maximum desirability value (D = 0.846) were: compression time (TP1), 2.00 min; decompression time (TP0), 1.30 min; number of cycles (CL), 99.0.
CONCLUSION
In the present study, Timatic micro-extractor was used for the extraction of yarrow and it may be concluded that various extraction conditions result in some differences in the physicochemical characteristic of the manufactured extracts and content of active substances. When considering active principle content with antioxidative effects (total phenols, flavonoids and tannins content), it may be noted that TP1 and TP0 have the biggest influence on TF (except that TP1 has a positive, and TP0 negative effect on TF), while CL on TN (positive effect) and PY (negative effect). Taking all of this in consideration, it can be concluded that using Timatic micro-extractor, for obtaining the extract of A. millefolium rich in active ingredients, TP1 should be set on its higher level (2.0 min), TP0 on its lower level (1.30 min) and CL on its higher level (99).
